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Introduction: Thermo gravimetric analysis (TGA) is a common
method to measure the volatile fraction of diﬀerent compounds and it is
also used to monitor the outgassing contamination in space and the
moisture content in foods and the temperature proﬁles for ﬁring ceramics
[1–3].
Instrument Concept: VISTA is an in situ, miniaturized, instrument
based on the TGA, designed to analyze the volatile/organic abundance in
planetary regoliths. It exploits a powerful, but lightweight, Quartz Crystal
Microbalance (QCM) with a built-in heater system This Heated QCM
(HQCM) is able to perform microTGA measurements of ﬁne grained
particles (i.e., <10 lm). Concepts of the instrument have been studied for
sample return missions from asteroids (Marco Polo) and are under study
for organic rich/astrobiological targets such as for the EJSM mission.
Experimental Results: Several measurements focused on the
capabilities of VISTA of measuring the adsorbed water content of clay
minerals have been successfully performed. In particular the material has
been preliminarily exsiccated on the HQCM by means of several thermal
cycles up to 100 C. The dried clay has been then exposed to a controlled
ﬂux of humid nitrogen to collect water molecules and then again warmed
up to 70 C. At the end of the ﬁnal heating cycle, the VISTA
measurements showed the perfect correspondence between the amount of
water collected and released by the clay (about the 3% wt).
Conclusions and Future Works: We successfully validated the
microTGA potential onto a breadboard of the VISTA instrument. The
design of a mechanical structure able to reach very high temperatures and
containing the thermogravimeter with its proximity electronics is in
progress. This new conﬁguration will allow to perform thermal cycles
(with maximum temperatures of 500 C) able to release organics or water
present in the mineral structure of planetary materials.
References: [1] Serpaggi F. et al. 1999. J. Solid State Chem.
145:580–586. [2] Stalport F. et al. 2005. Geophys. Res. Lett. 32, L23205.
[3] Wood B. E. 1996. Proc. SPIE, 2864:187–194.
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Introduction: Previous X-ray Absorption Near Edge Structure
(XANES) Spectroscopy studies on spinels (sp) from Allende TS-34 [1, 2]
have shown them to contain little Ti3+, relative to Ti4+, in spite of being
hosted by Ti3+-enriched clinopyroxene (cpx). This suggests that the
spinels are products of a more oxidizing environment.
Analytical Methods: Sp and cpx from a suite of experimental
samples [3] were analyzed by XANES at the Advanced Photon Source
(APS) at Argonne National Laboratory (beamline 13-1D, GSECARS).
The bulk composition represents an average Type B Ca–Al-rich inclusion
(CAIB, [3]). Due to the narrow (2 lm), but deep (10 lm) excitation
area, and the ﬁne grained nature of the samples, it was diﬃcult to ensure
that only one phase was analyzed, particularly for sp. Ti counts and
spectral shape were monitored to help distinguish sp from glass and cpx.
Results: Results are shown below for coexisting phases in
experiments conducted in H2–CO2 gas mixtures, along with one dynamic
crystallization experiment (1316.4–5) run under CCO [1]. There is a trend
to increased Ti3+ with decreasing fO2, as expected. Valences for all
glasses were dominated by Ti4+ (>3.6) and showed no trend with fO2.
Discussion: The experimental results indicate that sp co-crystallizing
at equilibrium from a melt with Ti3+ -rich cpx will also be Ti3+ -rich.
The fact that observed CAI sp hosted by Ti3+ -rich cpx is Ti3+ -poor is
consistent with the idea that the CAI experienced oxidizing conditions
prior to cpx crystallization. A late oxidizing metamorphic or alteration
event, while improbable, could produce the observed Ti valence.
However, the cpx blebs or rinds on the surface of sp [4–6] contain
signiﬁcant Ti3+ , which would not be expected if they formed during an
oxidizing event, and the zoning to increased Ti3+ at the edge of sp [1] is
inconsistent with this theory.
Conclusions: Experimental results are consistent with the hypothesis
that sp from CAIs are relict. The Ti valence in sp and cpx in TS-34 is one
example that CAIs record multiple events.
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(Abstract #1459). 41st Lunar and Planetary Science Conference. [3]
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Kuehner S. M. et al. 1989. Geophysical Research Letters 16:775–778. [6]
Simon S. B. et al. 1991. Geochimica et Cosmochimica Acta 55:2635–2655.
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Sample # Phase T (C)/temp (h) DIW Ti valence 1r
CAI-62 Cpx 1229/96.2 0.0 3.98 0.08
CAI-62 Sp 1229/96.2 0.0 3.96 0.08
CAI-63 Cpx 1226/120 )2.3 3.79 0.07
CAI-63 Sp 1226/120 )2.3 3.64 0.06
CAI-40 Sp 1407/5.7 )2.6 3.49 0.07
CAI-64 Cpx 1227/74 )3.6 3.68 0.06
CAI-64 Sp 1227/74 )3.6 3.42 0.06
CAI-66 Cpx 1234/23 )5.1 3.22 0.07
CAI-66 Sp 1234/23 )5.1 3.54 0.06
CAI-65 Cpx 1227/29 )5.7 3.24 0.08
CAI-65 Sp 1227/29 )5.7 3.30 0.05
1316.4–5 Sp See [1] )6.4–)5.7 3.05 0.05
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